Extensively raised beef cattle contribute to the highest levels of enteric methane (CH 4 ) gas emissions among all livestock. Expensive techniques and logistics hinder monitoring of such gas. Therefore, the objective of this study was to use an inexpensive laser methane detector (LMD) apparatus to determine the enteric CH 4 levels from a herd of beef cows raised on semi-arid rangelands. A total of 24 cows were selected from Boran and Nguni cows (n = 12 per breed) from two different farms. The parities of the cows were as follows: parity 1 (n = 6), parity 2 (n = 6), parity 3 (n = 6) and parity 4 (n = 6). An observer used a hand-held LMD to measure enteric CH 4 emissions plumes during the late afternoon hours when the animals were resting (either standing or lying down). Point measurements (expressed in ppm/m) were taken for six consecutive days and repeated once after every three months. The ratio of CH 4 output per kilogramme DMI was not different in within-breed and between-breed in both seasons. Generally, the dry season recorded the highest CH 4 output per kilogramme of live weight of cow. For example, Boran cows in parity 2 produced the highest output of 1.0 ± 0.04 g CH 4 per kilogramme live weight of cow while Nguni cows in parities 1, 2 and 4 each produced 0.9 ± 0.04 g CH 4 per kilogramme live weight of cow in the dry season. All the animals maintained optimal body condition scores in both seasons (ranging between the lowest of 3.2 ± 0.01 and the highest of 3.4 ± 0.01). Based on the results of the study, it is concluded that cows from both herds produced higher CH 4 per kilogramme live weight of cow in the dry season while maintaining optimal body condition scores in both seasons.
Introduction
Currently, available information on enteric methane (CH 4 ) output from extensively raised beef cattle under extensive arid and semi-arid African environments varies from limited to non-existent. The limitations emanate from either complications in logistics or expensive techniques. To develop expert recommendations that will inform policy makers, there is a need to generate such knowledge to fill the gaps. Most of the sub-Saharan African countries have to lower their carbon footprint, because of lower digestion efficiency of forages from poor quality rangelands, when expressed at an individual animal level (Avetisyan et al. 2011) . Generally, ruminants reared extensively have a low footprint per unit area than those reared under intensively grain-fed systems, although on the contrary they produce higher footprint when expressed on an emissions/kg product (emissions intensity) basis (Garnett 2010; Scholtz et al. 2013) . Currently, South Africa is one of the highest producers of greenhouse gasses (GHG) (CH 4 included) in subSaharan Africa (Chevallier 2008) . Du Toit et al. (2013) reported that enteric methane emissions factors for South Africa were 79 and 62.4 kg/head/year for commercial and communal beef cattle, respectively; compared with an overall average of 31 kg/head/year for Africa based on IPCC default values. As a result, climate smart activists are calling for practical methods, which will enhance in vivo monitoring, selection of low CH 4 producing animals and mitigating for low carbon footprint per unit area or kilogramme of animal product.
Approximately two thirds of the total land area in South Africa receives an average annual rainfall of less than 500 mm, and a further 21% is arid receiving less than 200 mm of rainfall per year (Basson 2011) . It then means most of the South African farms are located in arid and semi-arid drylands. Beef cattle are capable of utilising fibrous forage material from such marginal environments and turn it into edible animal-derived products that can contribute positively to the food-value chain system (Gerber et al. 2015) . There are various beef cattle breeds, which have proved to cope and survive in such extensive challenging conditions over a long period. In South Africa, such breeds include those of Sanga (Bos taurus africanus) and Zebu (Bos indicus) origin. Nguni cattle are of Sanga origin, and research has shown that they can cope and adapt to extensive environments where nutrition is limiting. However, given that extensively reared cattle must conform to acceptable ranges of carbon footprint in the future, there is a need to develop an inexpensive method to determine how much greenhouse gas (GHG) is emitted by such breeds.
There is a need to invest in reasonably inexpensive methods, which quantifies emission levels of GHG for use in national inventories Du Toit et al. 2013; Hammond et al. 2016) . Traditionally, enteric CH 4 concentration levels have been measured using several methods: micro-meteorology method, IPCC Tier systems, SF 6 method, respiration chambers and prediction models (Storm et al. 2012; Hammond et al. 2016) . Each method has its advantages and inadequacies; therefore, there is a need to make careful evaluation before application (Storm et al. 2012; Troy et al. 2016) . Generally, there are non-contact and non-invasive techniques, which are feasible to use in extensive rangelands. Use of a laser methane detector (LMD) promises to be feasible among such techniques, as it has been reported to make biological sense, to be a reasonable method which advances CH 4 detection and contributes towards the effectiveness of m CH 4 mitigation strategies (Chagunda et al. 2009; Chagunda et al. 2013; Chagunda 2013; Grobler et al. 2014) . Therefore, the objective of this study was to determine the enteric CH 4 levels from selected herds of beef cows raised on semi-arid rangelands, using the LMD method.
Study area
The first herd (herd 1) was composed of The second herd (herd 2) had Nguni cows from Honeydale Research farm located at University Fort Hare in Alice. The farm is located 120 km from the coastline of the Eastern Cape Province of South Africa. It has an elevation ranging from 450 to 600 m above sea level, longitude of 26.9°E and latitude 32.8°S; in a good rainy season, it receives a total annual rainfall ranging from 500 to 550 mm, between November and March (Acocks 1988) . The vegetation type for the farm is classified as the Bisho Thornveld of the Eastern Cape in South Africa (Mucina and Rutherford 2011) . The veld is mainly composed of invasive tree species such Acacia karroo while the other trees include Maytens heterophylla, Scutia indica, Ehretia rigida, Rhus longispina, Olea africana, Grewia accidentials, Ziziphus mucronata and Cussonia spicata. Themeda triandra is the dominant grass species, and Sporobolus fimbriatus, Cymbopogon excavatus, Eragrostis curvula, Aristida congesta, Eragrostis capensis, Panicum maximum and Digitaria eriantha are the other grasses on the veld. The veld quality is classified as a sweet-veld type, with a fairly good nutritive value (Acocks 1988; van Oudtshoorn 2012) . Deep alluvial derived soil types are found in arable lands while shallow portions of the non-arable land are occupied by fine sand and silt (below 45-cm depth).
Materials and methods
All protocols and procedures followed in this study were according to the ethical principles for use of animals in experiments established by the Committee of Ethics on Animal Use. Permission to use animals in this trial was granted by the University of Fort Hare Research Ethics Committee.
A total of 24 cows (12 from each breed) were randomly selected for the study. The animals were identified according to their parities as follows: parity 1 (n = 6), parity 2 (n = 6), parity 3 (n = 6) and parity 4 (n = 6). Each individual cow was identified by use of a plastic ear tag with its corresponding number. The cows grazed on a rangeland divided into paddocks and were moved from one paddock to another once after every 21 days. Because of nonuniform size of paddocks, stocking density from the two herds was 7 ha/LSU. A large stock unit is equivalent to an animal with a weight of 450 kg, gaining 500 g/day and having energy requirements of 75 MJ/day (Meissner et al. 1983) . All cows had unlimited access to water from the water-troughs in each paddock. Within the grazing period in one paddock, the animals were allowed an adaptation period of 14 days followed by recordings of CH 4 production for six consecutive days in a month and replicated twice in three months.
An observer used a hand-held LMD (Crowcon, Tokyo Gas Engineering Co Ltd 2006) to measure the enteric CH 4 production in the late afternoon hours when the animals were resting (either standing or lying down). Point measurements (expressed in ppm/m), were taken continuously for four minutes by 60 s intervals at a distance of 3 m away from each animal following the method by Jones et al. (2011) . Due to the cyclic nature of the data (respiratory tidal cycle), a point measurement over each exhalation-inhalation cycle was taken. The peaks of each cycle determined the enteric methane output of the individual cows. Before commencing measurements for each day, the LMD was off-set to adjust it to the ambient CH 4 . Off-setting the LMD is done to account for the CH 4 in the environment before the machine records the gas concentrations from the point source (Chagunda and Yan 2011) . Gas column density for CH 4 were determined by pointing the (visble HeNe laser) collimated laser beam on the cow's nostril to estimate the gas concentration 3 m away from each cow (Chagunda et al. 2009; Jones et al. 2011; McGinn et al. 2011) . The 3-m distance was chosen such that the observer does not disturb each cow from its state of rest and was subsequently used to convert the ppm/m into ppm (Chagunda et al. 2009; Chagunda 2013) . These measurements were done in both wet and dry months of the year. The wet months were from November to early May while dry months were from mid-May to October. A pocket weather instrument (Kestrel 4000) was used to determine the following environmental conditions: ambient temperature, wind speed and relative humidity for the study site. Summary of the weather conditions for the two sites used in the study is given in Table 1 .
All cows from both herds were weighed once a month. Before weighing, all cows were assessed for body condition on a scale of 1 to 5 (1 being emaciated and 5 classified as obese) according to Enicias and Lardy (2002) . The body condition scores were done by visual appraisal and palpation of the spinal process of each individual cow. Routine animal management processes such as dipping, vaccination and drenching were also followed to maintain the health of the cows.
Pasture samples were collected once every three months to determine the plant biomass of the paddocks during the course of the experiment. Each paddock was divided into transects measuring 100 m long and 25 m apart (Goqwana and Trollope 2005). Grass biomass was determined by placing a 1-m 2 quadrat along each transect and collecting all foraging material within it. All the collected forage was transferred into paper bags and oven dried at 65°C for 48 h to obtain the dry matter of the material. The resultant dried sample was then weighed using a digital scale. The weight of forage biomass expressed in g/1 m 2 was then converted to kilogrammes per hectare basis by multiplying the obtained mass by a factor of 10. The forage biomass for Honeydale farm was 2047 kg/ha in the wet period and had an average of 1039 kg/ha in the dry period. Edendale farm had a forage biomass of 1939 kg/ha in the wet period and 1023 kg/ha in the dry period. The chemical composition of the pasture samples in the different months of the year are found in our previous work (Mapfumo et al. 2017) .
The point measurements from each cow under investigation were used to estimate the amount of CH 4 produced per day. The amount of methane produced was expressed as a proportion of the tidal volume (Tenney 1982) . Calculations derived from the tidal volume were then converted into grammes per day using the density for CH 4 following the formulae developed by Chagunda et al. (2009) . The following formulae was used:
where M DG is the daily enteric CH 4 expressed in grams after including the specific density conversion factor, M TV is the methane from breath point measurements in millilitres during ruminating and TV r represents the tidal volume of air when the animals were resting (either standing or lying down).
Dry matter intake (DMI) was derived from the values developed by Meissner et al. (1983) . Data on DMI was then used to make calculations of the subsequent CH 4 output per kilogramme DMI and CH 4 per kilogramme of live weight for each individual cow from both herds.
All quantitative data of the response variables from this study were analysed using the Statistical Analysis System (SAS) version 9.3. Body condition score values were square-root transformed to confer them to follow the normal distribution. The body condition scores were and body condition scores were separated using the Fishers' least significant differences (LSD) method and considered significant at P < 0.05. A second nested design was done using the MIXED procedure of SAS version 9.3 as a repeated measure to determine the effects of parity on the CH 4 levels during the different days of sampling. Parity was included in the model as a fixed factor while the individual cow weight was considered as a random variable. A first order autoregressive correlation (AR [1]) was fitted into the model to account for the connection of CH 4 production level between successive days. The Fishers' least significant differences (LSD) method was the post-hoc test used to separate means for methane production and considered significant at P < 0.05.
Results
Detailed daily average output for the CH 4 for both breeds over the six-day sampling period is in Figure 1 . Both breeds had fluctuating CH 4 throughout the days of sampling. All the cows maintained a similar range of daily enteric CH 4 output throughout the six-day sampling period for both seasons. Nguni cows in parity 3 (263.8 ± 31.25 g/day) and Boran cows in parity 4 (301.4 ± 25.51 g/day) had the lowest (P < 0.05) daily CH 4 at day 5. Fluctuations in CH 4 production on a daily basis are changes dependent on the quality and quantity of the diet from the previous day. Table 2 shows the results for CH 4 output per kilogramme DMI and CH 4 per kilogramme of live weight. There were however no differences (P > 0.05) for CH 4 output per kilogramme DMI from all the cows withinbreed in both seasons. The CH 4 per kilogramme of live weight were all within the same range from both breeds, although there were within-breed differences (P < 0.05) in both seasons. Boran cows in parities 2 and 3 had a 0. 1-g difference in CH 4 output per kilogramme of live weight of cow from the dry to wet season. Boran cows in parity 2 had 1.0 ± 0.04 g in the dry season and 0.9 ± 0. 04 g of CH 4 output per kilogramme of live weight of cow in the wet season, those in parity 3 had 0.9 ± 0.04 and 0.8 ± 0.04 g of CH 4 output per kilogramme of live weight of cow for the dry and wet seasons, respectively. On the contrary, only Nguni cows in parity 2 maintained the same (P > 0.05) 0.9 ± 0.04 g of CH 4 output per kilogramme of live weight of cow in both seasons.
Results of the back-transformed body condition scores of the cows, in different parities from Boran and Nguni breeds are in Figure 2 . All cows from both breeds had similar (P > 0.05) body condition scores in the wet season (Figure 2 ). Boran cows in parities 2 and 3 had the lowest (P < 0.05) condition scores (3.2 ± 0.01) among the cows in the study in the dry season. All the animals maintained optimal body condition scores both in dry and wet seasons (ranging from 3.2 ± 0.01 to 3.4 ± 0.01). Such a trend shows that both breeds were using mechanisms to adjust and cope within their surrounding environments. Nguni cows (least being 3.3 ± 0.01), however, maintained optimally higher body condition scores than those of the Boran cows (least being 3.2 ± 0.01) in the dry season.
Discussion
The values for the CH 4 output found in this study are within the range of reports from other studies. Chagunda et al. (2009) obtained LMD CH 4 estimates of 357 g/day for dairy cattle. However, output from the current study is higher than that reported by Du Toit et al. (2013) using the IPCC Tier 2 system for South African commercial beef cattle. From their calculation, they estimated that on average, a beef cow with a 475-kg weight produces 92.6 kg CH 4 per head in a year (averaging to approximately 254 g/day/cow). High output could have emanated from the extreme dry conditions, which were prevailing in southern Africa during the 2015/16 rain season when this study was undertaken. This is evident from reports indicating that moisture availability has a direct positive correlation on forage output or plant life under rain-fed southern African rangelands (Mpandeli et al. 2015; Rasch et al. 2017; Senyolo et al. 2017) . Therefore, dry conditions cause low quality forage biomass, which likely result in higher energy losses by animals when degraded in the rumen. Ruminants produce methane through inefficiencies that are associated with energy loss from methanogenis (Johnson and Johnson 1995; MacDonald et al. 2010; Cottle et al. 2011) . Microbata called methanogenic Archaea play a central role in digestion of feed (Hill et al. 2016) . Therefore, the dry conditions could have contributed to the higher CH 4 output per live weight of cow from the highly fibrous forage, which is difficult to degrade.
The fluctuation in CH 4 output from this experiment was within a narrow range, further showing that cows from both breeds had similar outputs on a daily basis. Maintenance of daily CH 4 production within a defined range depends on the diet consumed by the host animal when grazing in the veld. Based on the chemical composition in our earlier work, the natural pastures from both sites had similar total digestible nutrients and energy content (Mapfumo et al. 2017 ). Therefore, the enteric CH 4 output by the cows could have been influenced by the amount of feed consumed, digesta retention time and out flow rates and ultimately determined by inter-and intra-animal variation (Hammond et al. 2014; Vendl et al. 2016) . Such a range and fluctuations in CH 4 production by the cows from both breeds could have come from the mode of foraging habits and availability of feed to the animals. Reports mention that extensively raised animals search for feed within the stretch of their confined areas, and the heterogeneity in forage quality therefore defines an uneven trend for forage availability on a daily basis (Spinka 2006; Estevez et al. 2007 ).
The stocking rate of the two separate farms was maintained the same, in spite of the changes in seasons. Animal production attributes such as milk production, body condition score and body weight are negatively Figure 1 Seasonal changes in daily (mean ± s.e) CH 4 concentration from the cows in different parities correlated with the increase in stocking rate (McCarthy et al. 2014) . Research indicated that an increase in stocking rate results in increased grazing intensity, which will subsequently result in lower daily herbage allowance (McCarthy et al. 2011) . Changes in seasons from wet to dry meant that available forage material is fibrous and is not palatable, hence lowering DMI. Nguni cattle minimise energy loss in the dry season through deliberate voluntary anorexia and feeding during the cooler hours of the day (Scholtz 2011) . The cattle are also bulky grazers unlike other breeds, which are selective grazers. This causes Nguni cattle to, minimally, lose condition, during periods when feed resources are scarce. Boran cattle have survived in challenging African terrain for a long period to evolve and have attributes that allow them to manage situations where forage is in short supply. The animals store fat deposits during the periods when feed resources are abundant and later on use them when the forage availability is low (Berman 2011) . Such mechanisms could have contributed to maintenance of body condition scores at optimal levels in this study.
Conclusion
Both the Nguni and Boran breed showed no differences in CH 4 output per kilogramme DMI while LS means with a different superscript in the same column per category are significantly different at P < 0.05, LS Least square, LW Live-weight, DMI Dry Matter Intake Figure 2 Seasonal changes in average body condition scores of Boran (herd 1) and Nguni (herd 2) cows in different parities within-breed differences for CH 4 output per kilogramme of cows' live weight were observed in both seasons. Based on the results obtained in this study, both the Boran and Nguni breed had similar direct methane output irrespective of occupying different rangelands. This could be attributed from the similar non-selective foraging behaviour and mechanisms, which they use to adapt to their environment. The study also showed that an LMD machine can be used to produce reasonable values for CH 4 output for extensively-raised beef cattle.
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